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REPORT ~Oa 132.
AERONAUTIC INSTRUMENTS.

RECENT DEVELOPMENTS AND OUTSTANDING PROBLEMS.

By FZANKUNL. Hum.

INTRODUCTION.

This report is Section VTU of a series of reports on aeronautic instruments (Technical
Reports Nos. 125 to 132, iruiusive) prepared by the Aeronautic Instrument& Section of the
Bureau of Standards under research authorizations formulated and recommended by the Sub-
committee on Aerodymmics and approved by the National Advisory Committee for Aeronautics.

The precediqg reports in this series have discussed in detail the various types of aeronautic
instruments which have reached a state of practical development such that they have already
found extensive use. It is the purpose of this paper to discuss briefIy sonic of the more recent
development in the field of aeronautic instrument desigg and to suggest some of the outstanding
problems awaiting solution. The difFerent types of instruments til be considered as far as
possible in the order in which they are discussed in the preceding papers. l?racticaIly dl the
new desigg mentioned which are not otherwise accredited have been developed by the Bureau
of Standsxds at the request of and with funds provided by the ‘War and h’avy Departments
and the ~NationalAdvisory Committee for Aeronautics.

ALTITUDEINSTRUMENTS.

PEZCLSIOFi ALTIMZTER.

The altitude of aircraft is determined in practice almost exchsivdy by the use of aneroid
barometers, which have been described in dAaiI in Report No. 126. The essential working
e~ementin these instruments is an exhausted metal capsule made ordinarily by soldering together
ttio thin coqwated metal disks. The capade is kept from coIIapse by the use of internal or
external springs; Owing to the imperfect elasticity of the springs and the metal of which the
aneroid capsule ismade (usually German siker or bronze), the diaphragm, after the distentio~
caused by risii to an altitude, fails to recovar its initial position on dwent, and the pointer of
the altimeter fails to return quite to zero. This is a serious imperfection: particukdy when it is
desired to use the ahirneter in bombing operations, in landing, or in other cases where the altitude
must be accurately Imown. Experiments have led to the development of altimeters in which
this ditliculty is almost completely overcome. The error due to ineksticity or hysteresis, as it
is ordinarily called, has been found to be due almost entirely ta the imperfect elasticity of the
diaphragm itdf. By making the spring so stifl compared with the diaphragm that the elastic
effect of the Iatter is negligible, altimeters have been constructed in which the ehstic effect is
contlned almost entireIy to the spring itself, M5th proper &sign the hyeteresik of the distend-
ing sprimg can be made negligible. In this way altieters have been made which show a
hysteresis error not exceed@ 10 feet in aItitude, while in ordinary instruments this error may
amount to several hudred feet. One of these altimeters is described in Report No. 126 of
this series. In a more recent modeI the mtipr@ is mounted on Me-edges instead of being
suspended, asin the eder instrument, and phosphor-bronze strips and pulIeye me used instead
of a sectar and pinion~in the transfer mechanism.
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JENEINS NIGHT ALTITUDE INDICATOR.

A radically different altitude indioator, a device of. w optical type, known as tho Jenkins
night altitude indicator, has recently been developed in EngIand. This consists essentially of
two telescopic projectors, which throw spots of light on the ground below tho aircraft. Ono
of the projectom is maintained vertical,. the other is rotatable about a horizontal Lxis so that
for any aItitude the spots from both projeotom can be brought into coincidence. The anglo
subtended by the projectors is then a measure of tie altitude. ~ the actual instrument the
rotatable telescope projects on the ground the figures representing the altitudo in feet at tho
time of obsem-aticm. The range is limited to a few hundred feet, as it is intended for um in
landing at night.

PRECISION BAROGRAPH.

When a record of the altitude attained by aircraft is desired, barographs or recording alti-
meters are ordinarily used. In the most usual types the actuating mechrinism consists of a

battery of aneroid diaphragms, such as are used in altimeters, which opmates a lever arm with
recording pen. The hysteresis effects above mentioned in the case of aItimete.rsaro equally
troublesome in barographs. It has been recently shown, however, that the hystormis error
can be greatly diminished by using instead of the usual battery of ordinary diaphragms a
so-oalled’( sylphon” diaphragm element, which is spun in the form of a cylindrical bellows from
a single piece of bronze tubing. The ‘f sylphon” diaphragm is maintained distended by nn
internal coiled spring. In this case, as in that of the improved type of altimeter abovo
described, the elastic effect is concentrated almost. entirely in the spring.

THERMOMETRIC ALTIMETER.

Aside from the instrumental errors of altimeters and barographs due to mcchanicd impm-
fections, altitude determinations are also subject to temperature corrections rcsuliing from tho
variations of the temperature of the atmosphere. The scales of ordinary baromctm and l.mro-
graphs are graduated either on the assumption that the temperature remains at somo arbitrary
constant value, ordinarily 10° C., or vaiiea with “fie altitude in some empirical mwmor, In
either case the readings are subject to corrections, ‘due to the inevitable deviations of the tem-
perature experienced in flight from the standard. temperature which was assunmd in laying
out the pressure altitude scaIe for the instruments. To ovarcome this difficulty, an altimeter
with temperature compensation hw. been made, which greatly reduces tho errors duo to hnn-
perature change. This instrument consisfs of an altimeter of the type described abovo with
aneroid capsule and stiff external spring: In addition, it is provided with a thermometric
element, which consists of a bimetallic bar attached JO the indicating system, so as t.avary tho
deflection of the pointer aocording to the surrounding temperature. .

cls~pHoN - RATE. OF-CLIMB INDICATOR.

Rate-of-climb indicators generally depend for their operation upon the differential pres-
sures set up between tha external atmosphere and a confined volume of air withii the instru-
ment. The forces available for operating the indicating mechanism are very slight, consequently
if metal diaphragms me used to measure this pressure they must be extremely thin, Recant
experiments indicate the possibility of substituting for the ordinary corrugated metal diaphragm
a very thin diaphragm of the ‘tsylphon” type. In this way the necessary motion can be
obtained while at the same time the volume of the confined airj and consequently the size of
the imtrument, can b6 ~onsiderably reduced.

RECORDING RATE-OF-CLIMB INDICATOE.

Experiments are also now being conducted on recordhg rate-of-climb indicato~. Thcso
instruments give a permanent record of the rate of ascent or descent-throughout tho pmiod of
flight. Here again the problem is .m+e difficult because of the feeble forces availablo for
operating the recording mechanism. On this accoynt an optical record is used, the light from
a small incandescent lamp being reflected by a suitable lens and mirror system onto the surface
of a light-sensitive paper on the surface of a revolving drum.

●
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COME~ STATOSCOPE AND BATE-OF-CLIMB NDICATOE.

In certain instances it is desirable h have on airoraft not only a sensitive statoscope to indi-
cate qualitatively very slight changes in aItitude but aIso a less sensitive instrument to indioate
quantitatively rates of ascent and descent. To fl this need a combined statoscope and rate-
of-dimb indicator has been made which can be used either as a sensitive statoscope or as a
rah-of-dimb indicator. The detice consists of a model IIT Bureau of Standards rate-of-climb
indicator described in Report No. 126 provided with a speoial cut-off valve between the
capiI1ary tube aud the chamber and a breaking bubble of the ordinary statoscope type.
By rotating a thumbscrew the capillary opening can be olosed and the bubble tube con-
nected, in which case the instrument beoomes a statascope and the pointer continu~ to
move away from the zero in one direotion or the other, according to whether the instrument
is ascending or descending, untiI the bubble breaks. Under the diaI and concentric with it iS
a rotatable sector which is also conneotd to khe thumbscrew. The words %tatoscope”
and “rate-of-climb indicator” are printed on the seotor, and one or the other Iegend is qmsed
through a sIit in the diaI accord@ to the setting of the thumbscrew, so that the aviator always
knows which element of the combined instrument is functioning.

AIRCRAFT sPm rNsTRubmN’rS.
LOW SPEED AIR-SPEED INDICATOR.

In the navigating of Hghter-thm-air craft under certain circumstances it is dasirable
to measure accurately air speeds of I= than 10 miles per hour. Air-speed indicators of the
ordinary type such as are used on heavier-than-air craft are not suitable for this purpose. The
two methods of approach which have been tried remdy to satisfy this need incIude (1) using

a Pitot tube in connection with an indicator much more sensitive than is ordinarily made
and (2) using sensitive rotating anemometers. It has bemfound that Pitd indicatom with
doped fabric diaphra=gnaand thin flat springg for the elastic eIement can be made su.tliciently
sensitive for the purpose, but they get out of adjustment eady. The problem of developing
an air-speed indicator of the anemometer type was therefore attacked. This is complicated
by the Miculty of traneferr@ the motion of the anemometer to the instrument boiird without
putting a sufficient joad on the anemometer to cause it to sIip appreciably. Synchronizing com-
nmt.ato~ have been tried m the French Favre-BuUe indicator, -which is of this type. Another
method which has been applied in a reoent mode~is that of automatically charging a condens-
er and discharging it by mew of a suitably constructed commutatm- through a sensitive two-
pivot galvmometer at rapid intervals proportiomd to the rate of revolution of the anemomet-
er. The effeotive current and consequently the deflection of the gakmometer is then pro-
portional to the speed of the anemometer. This method requires a constant voItage which is
maintained by using a potentiometer in connection with the generator or batteries akailabIe as
standard equipment on aircraft. m

GEOUND-SPSED INDICATOR.

One of the problems which is now demanding a great deaI of attention is that of developing
an accurate ground-speed indicator. The various methods which have been proposed are
disoussed in Report No. 127. While it is theoretically possible to make instruments of the
absolute integrating type, the practical diftlculties encountered are aImost insuperable. If the
ground is visible, however, optic@ devices can be used. A ground-speed indicator of this type
in which the apparent motion of the ground is neutralized by the rotation of a hexagomd prism
about an axis perpendicular to the direction of motion of the aircraft relative to the ground has
been constructed recently. Knowing the altitude and the rate of rotation of the prism required
to cause the objects on the ground to appear to rem stm, the ~o~d speed can be deter-
mined. In the instrument in question the ground speed is read directiy from the dial of a
tachometer conneoted ta the rotat@ prism. The ~adings of the instrument may aIso be .
automatically corrected for the effect of altitude.
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DIRECTION INSTRUMENTS.

COMPASSES.

The compass still remainsone of the least satisf8c.@w aeronautic imtrument~. fide from
the inheremt difhdties due to the smallness of the directional force of the earth’s magnetic
field, its location on the instrunient board of the airplane in the proximity of lmge moving
masses of magnetic material seriously limits i is dependability. Airplane compasses of
comparatively long period and high damping have. been used. These ,are less subject to
disturbance due to momentar~ accelerations and the northerly turning error than short-period
quick-acting compasses, but m general the latter type are preferred, especially when used in
connection with turn indicators of which several satiefac”%y types have recently been developed.
One of the difficulties enecnmtered is that due to tho unsteadiness and swirling of tlm liquid
set up by the maneuvering of the airplane. Efforts have been made to overcome thii difficulty
by mounting the compass element proper in the center of a spherical bowl. Another method
is to make the needle system very light by eliminating the ordinary card and mounting tho needles
on alight spider made of small straight wires projetting radially in the damping liquid from the
point of support. The eflect of the light radial arms is to damp the motion so heavily that the
system is aperiodic and when displaced returna to its equilibrium position without oscillation.
An instrument of this type known as an aperiodic compass has recently been developed in Eng-
land and is described in Report No. 128.

. An effort to overcome the difficulties caused by the disturbing effect of masses of iron in
the vicinity of the instrument board has been mada in a. dktant reading compass rc~ntly
developed in ,Germany. It is described in the paper just ment~oned. In ita present form Llti
compass, with its auxiliary course setting and rotating devices, is very heavy compared with
compasses of the ordinary type. FIight testshave shown it to be insensitive. It is ako compli-
cated and has not been used sufficiently iR practice to determine its reliability under continued
use.

In another type of distant reading compass the current developed in a coil rotating it] the
earth’s magnetic field is used to indicate direction. It. is known as the earth inductor compnss.
An instrument of this type for use on aircraft has recently been dewdopcd for the United
States Army Air Ser~ice.’ It differs from previous instruments in that the indications are by
a null method instead of the usnal galvanometersdeflection method. A course-setting devico
of novel type is also provided in which by turning a movable dial at the instrument botird the
galvanometersconnectio& are so arranged-that the indicating pointer reads zcrc when tho nir
craft assumea the desired direction. A method is ah-oprovided for eliminating tho effect. duo
to rolling and pitching on the effective. component of the earth’s magnetic fmld. A mom de-
tailed description of this instrument is found ih Report No. 128.

t TURN INDICATORS.

As previously stated, the development of satisfactory turn indicatom has made tho weak-
nesses of the compass a matter of less serious concefi to the aviator since the turn indicntor
enables him to maintain the direction of h!iacourse when the compass is subjected to disturbing
accelerations which make its readinga temporarily unreliable. TIM most successful types of
instruments of this class include ss the essmtial directing ~~ent a $moscopic rotor” The
two distinct types which have reached a state of practical development includo (1) instruments
in which the gyroscopic element is driven by the impact of a wind stream (Spmry typo;
Pioneer type) and (2) instruments in which the rotor is an induction rhotor (lhxler type).
1- the wind-driven type the differential pressurais usually maintained by a Venturi tub. This
is a simple and effective way of applying the necessary power, but not an economical ono from
the point of view of power consumption, since experiments ahow that a largo amount of en-
ergy is absorbed in driving the Venturi ~cmgh the air. Electrical types usually depend upon
a small auxiliary generatur driven by a wind propeller for their power. It has ako been pro-

posed to operate the wind-driven instrument by an electrically operated pump connected to
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the generator of the airphme. Still another sugg@ion is ta develop the necessary difbmtial
air pressure by the use of a hollow propeIler with a tube extending longgtudinaUy inside each
blade (Pioneer type). These tubes are connected through a hollow axIe to the turn indicator.
The centrifugal force set up by the rotation of the propeller forces the 8ir out radially through
the propeIler tubes and a differential pr~e is thereby established. The difEicuItyhere is
to secure a sufllcient pressure difference without rotating the propelk too fast for safety. The
wind-driven type of turn indicator has the admntage that it can be made of noruna=weticmetal,
so that it can be located on the instrument board without disturbing the compass It is also
simpler and lighter in construction than the electrically driven type. On the other hand, the
electric type can be made to give more precise indicatio~and is no$ subject to disturbing pre-
cession which are present in the wind-driven type.

POWERPL&NTlNSTMMIINTs.

TACKOMI?lXRS.

Of the various types of airpkme tachomet~ which have been proposed the ordy two which
have thus far been in extensive use are the centrifugal and chronometric. Laboratory experi-
ments have shown that the Chronometric type in gegeral gives more accurate indications than
the centrifugal instruments, but it is of complicated construction, inched to get out of order
easily, and is difhcuIt to repair. On the other hind, the centrifugal type has the distinct ad-
vantage of greater simplicity of construction and greater durability. It, therefore, has appeared
advisable to undertake”experiments on centrifugal tachometers in the hope of overcoming the
defects in existing instruments of this type. kvestigations have Ied to the development of a
centrifugal tachometer of the doubIe inclined weight type, which is balanced to eIiminate the
disturbing effect of accekrations of the airphne. The differences between the readings tith
incretig and decreasing scale deflection have aIso been reduced considerably beIow that of
ordinary instruments of this type.

DISTAF71!CON’IZOL METEODS.
,

The increase in the size of airplanes and the inatalIation of tachometers in large airshipsneces-
sitates the dedopment of methods of distant corholfor tachometers other than the use of flexii~e
shafts. This probIem still awaits a satisfactory practical solution. Various methods have been
proposed. One is to attach a smalI three-phase generator to.the engge slwdt and connect it to
a synchronous motor, with an ordinary tachometer attached, located on the instrument board.
A modification of this method is to attach to the engine shaft a synchronizing commutator so
constructed as to convert direct current into three-phase alternating current, the frequency of
which is proportional to the speed of revolution of the engine. By supp~ying this current to a
three-phase synchronous motor with attached tachometer the indications of the instrument
can be read at any desired distance from the engine itself. TIMFrench Favre-BUIle tachometer
is of this type. Still another possibility is the method suggasted previously in.this paper (see
aircraft speed instruments), in which the frequency of &arging and discharging of a condenser
through a galvanometersis detarmined by the rate of revolution of the engine. The deflection
of the galvanometerswould then be proportiomd to the rate of revolution of the engine. It has
also been proposed to operate a tachometer on the instrument board by air pulses transmitted
through tubing connecting the pulsator on the engine shaft to the tachometer, the rapidity of
the pulsations being proportional to the rate of revolution of the engine (Hamilton type).

ELECXEUC TKERMoMErER

.1 similar problem of distant transmkio n for huge aircraft has necessitated the develop-
ment of distant reading thermometers other than those of the Iiquid-fllIed or vapor-preesure
type. The most successful of the distant reading instruments are electrical resistance ther-
mometers. A Hartman and Braun instrument of this type has been extensively used in Ger-
many. The thermometric eIement consists of silk covered platinum wire -wound on mictite.
This unit is inclosed in a metal tube which is soldered inte the engine radiator. The indicator
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OXYGEN INSTRUMENTS.

DEVELOPMENT OF L!QuID TYPE.

The necessity of supplying aviators with artificial oxygen at the high Aitudcs now attained
in flight has resulted in the development of apparatus for the use of oxygen, both as compressed
gas and in liquid form. A detailed description of these instruments has been given in Report
No. 130. During the recent war compressed oxygen was used almost entirely by tha Allies
and liquid oxygen by the Germans. The weight and bulk of the supply tanks required by
instruments of the compressed oxygen type has led recently to the further development of
liquid oxygen apparatus which becomes particularly advantageous for use during long flights
or where several persons must be suppIied. The disadvantages of instruments of the liquid
type is that the oxygen must be used at comparatively short distances from tho source of supply
and within a comparatively short time after liquefaction. In most of these instrtlmmt9 tho
evaporation lossesam reduced as much is possible by the use of vacuum jacketed containers, and
hand operated or automatically controlled cut-off valves me used to regulate the supply to tho
aviators.

NAVIGATINGINSTRUMENTS.

SEXTANTS.

The practicability of long distance flying and nigh~ flying havo roccntly ?mphasimd tho
necessity of developing types of instruments for nwzigatingzaircrafb analogous to thoso used in
determining the position of s~ps at sea. One of the most Important instruments of this class
is the sextant, A number of aircraft sext&ts have recently been developed. Iu gcnwd they
resemble an ordinary marine sextant except that an artficial horizon is used. The artificial
horizon is ordinarily of the bubble level type. It has also been proposed to uso for this purposo
a small pendulum or gyroscopic rotor. A serious objection to sextants of tho ordinary typo
from the point of view of aircraft navigation is their weight and size. Efforts havo rccontly
been made to design a sextant especially suited to the conditions experienced in air navigation.
This has resultad in the development of an instrument in which a small sector with micrometer
head or a rotating drum has been substituted for the large sextant scale of tho ordinary typo of
instrument. kfeane for adjusting the size of we bybble, which varies greatly bccauso of tho
wide variations in temperature experienced in flight, are also provided. This is effected by
making one side of the bubble chamber a flexible diaphragm controlled by a thumbscrew. By
turning the thumbscrew the effective volumo o? the bubble chamber can be altered at will.
Artificial illumination for the bubble and scales is also provided for reading at night.

ASTRONOMICAL POSITiON FINDER.

The Engineering Division of the Air Service has reoentIy suggested tlm development of
an instrument for determining the position of aircraft from the position of any two known
celestial objects, such as two stms, and the Greenwich siderial time. This in.effect is an optical
instrument for determining the altitude of the pole and hour angle of one of the two celestial
objects .chosem Such an instrument under construdion consists .~sentially of a telescope and
two prisms or mirrors to reflect the light of the two objects chosen into the tdescopc. TIM
mirrors are each independently rotatab~e about the axis of the telescope and about an axis at
right angles to the tdescope. A bubble horizon is ~d.

HORIZONTAL ANGLE INDICATORS.

The use of aircraft in connection with range finding has emphasized the importance of
developing horizontal. angle indicators suitable for We on aircraft. A number of instruments
of this class have been designed and are now under construction. They consist essentially of
graduated quadrants or sextanti, and mirrors or prism systems so oriented as to make it pos-
sible to bring the images of the two objects under observation first into the same horizontal
plane and then into coincidence.

,
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SPECIALPROB=lS.

DIAPHEAGM INVESTIGATION-.

Reference has been made in previous papers of this report to the ~culty encountered
in all aeronautic instruments depending for their action upon metallic diaphragms -d&h results
from the imperfect eksticity of the metaI of tihich the diaphra=- are made. A study of the
conditions determining the magnitude of this effect has been for some time in progress It is
found that the effect varies markedly not ordy with the composition of the metal but also with
the mechanhd proces+s and tem@rature treatment to -ivbich it has been subjected. For
emmple, spgn diaphm=gmsin general exhibit better ehwtic properties than pressed or stamped
samples, probably because spinning hardens the metal uniformly whale the stamping tends to
crush and tem the surface layers. It has dso been found that subjecting the diaphra=gnsseveral
thousand times to deflections such as they would experience in use decreases appreciably the
ehstic Iag or hysteresis effect. A similar result is aIso obtained by heating the diaphragms
for a time, approximately a half hour, at temperature depending on the composition of the
metal but nmying from 200° to 400GC.

In connection with this investigation the behavior of slack diap&agms of rubber and doped
fabric is also being undertaken. Site it is posible with instruments of this type to concentrate
the elastic resistance almost ent&Iy in &.spring it should be possible to make the hysteresis
eflect smaIl in accordance with the principle appIied in the precision altimeter already described.
However, this is not found h be the case with instruments of the Slack+liaphrabgn type no-ivin
use which show a hysteresis effect as large as that of instmments with metallic diaphraam.
The porosity of diaphra=g of this type is an important factor and is being determined
experimentally. The stiffening of such @aphragms at low temperatures has also to be con-
sidered and is under investigation.

BOUBDOX TUBE I?TV13STIGATIOX.

It has been proposed that 130urdon tubes be substituted for metalIic diaphragms in
aeronautic instruments. Experiments on the elastic properties of such tubes have aIso been
undertaken. Since these tubes are ,made of metal aimiIar to that used in diaphragms and
therefore imperfectly elastic, it is reasonable to assume that they would display hysteresis
effects. Experiments indicate such to be the case and from the results thus far at hand it is
not evident that the effect. is appreciably Iesa than in the case of metalhc diaphrqyns.

● BDIEXALLIC BAES. .

StilI another problem presented in the development of aeronautic instruments relates to
the behavior of bimetallic bars which are used in temperature compensation and also in certain
cases as temperature-measuring ekments. Here again the imperfect ehsticity of the metals
of which the strips are made has to be taken into consideration. This ia not ordinarily a serious
factor where tie bimetallic bars are used for temperature compensation since a comparatively
small corrective factor is involved! but it becomes important in temperature-measuring instru-
ments based upon the bimetallic principle and warrants carefuI investigation.

ALTITUDE EFFECT ON- ALS-SPEED INDICATORS.

The behavior of air-speed measuring instruments, partic%kirly of the Pitot or Venturi type,
under the conditions of reduced pressure and Iovi temperature experienced in high a~titude
flight is diflicult if not impossible to investigate in the airphme itself. The possibility of
simulating in the laboratory the conditions of actual use have therefore recentIy been considered.
For some time past an investigation has been in progress in a reduced pressure wind tunnel which
consists essentitdly of a chamber containing a small wind channel so arranged that the air
can be partially exhausted from the chamber. The results thus far obtained show that for
Venturi nozzles there me appreciable deviations from the PV law for high aItitudes or low
speeds>

l-w?Th mbdg ~ OEAk Speed Indfmbm; Re@ h-IJ.110 Of~. A. c- A- 1~, bY ~. D. -Y, F. L. ~t, @H. ~. ES~OU.
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The behavior of instruments of the anemometer and wind propekr type should be inves-
tigated at reduced pressures. While it is ordinarily assumed that the indications of such instru-
ments are independent of tho density thk. is known not to be strictly true.

INK SUBSTITUTES FOR RECORDING INSTRUMENTS.

In connection with the development of recording aeronautic instruments it hws been
found that ink records which are ordinarily made by such instruments me not entirely satis-
fnctory for use in aircraft because the ink coagulates at the excessively low temperatures
encountered at high altitudes. Other possibilities have therefore been surveyed,

Records can be made on smoked surfaces with very light contact by the recording pen but
the records are easily effaced and can be made permanent only by coating them with paratln,
spraying with shellac, or by using some similar adhes~ve agent. A mixture of alcohol, whito
shellac, and glycerin has been found satisfactmy in our expernmenh. I?ariflkcoated carbon
copy paper may also be used with a fine jewel point recorder. These records, except at extiemo
temperatures, are more permanent’ than those obtained on smoked paper but require greater
pressure by the recording pen with consequent decrease in the sensitiveness of response of tho
instrument to slight changes of reading. Paper coated~witb“zincoxide, such as is used for engine
indicator diagrams, was also considered. This is used with a rather blunt brass recording point.
The pressurerequired is excessive in view of the sensitivenessof response required in the recording
mechanism.

Perforated records can be made by using an auxiliary clockwork mechanism to bring the
recording poig$ forcibly in contact with the record and thus perforate it several times per minute.
The pointer ordinarily would not touch the record paper. This method is positive and sure but
discontinuous, and it involves the added complication of an auxiliary clock or simil~r driving
mechanism.

Records may also be obtained by perforation with an electric spark by connecting the
metal drum on which the paper is fastened to one terminal of an induction coil, connecting the .
other terminal to the recording point and attaching an auxiliary contact breaker to the driving
cIock mechanism to make and break the induction coilcircuit several times 8 minute. A device
of this kind was made and attached to a barograph. It has the advatitage that th sensitive-

—.

new of response of the pointer is not aflected by contact with the record. On the other hrmd
it requires the accessory of an induction coiI, and the spark sometimes jumps sidewise a short
though appreciable distanc~ from the point.

Record paper previously impregnated with starch and potassium iodide can be used and
the potassium iodide decomposed by passing an electric current at low voltage through tho
record paper from the pointer, which in this case is in contact with tho record, to the drum. A
purple record is obtained. The color; however, is inclined to spread, which makes tho record
abnormally broad.

Where dark-room facilities are available, records on photographic iilms can bo obtained by
allowing a beam of light to fall upon the record aftcr it has been deflected by a suitable optical
system attached ta the indicating mechanism of the instrument. This may be done either by
reflecting light from a light source, which may be a srmillincandwcent lamp, from a mirror onto
the film or by use of .as~table lens system. The disadvantage of this method is the necessity
of developing the record and its extreme sensitiveness to extraneous light.

Experiments have also been carried out with a “view to the possibility of using a small
quantity of radioactive materiel on the end of the pointer of recording instruments. A metallic
screen, which was perforated by a pin hole, was mounted on the pointer between the
radioactive material and the recording film, to avoid diffuseness in the record. Satisfactory
records on ordinary photographic flms were obtained in this way. This method hcs tho
advantage of simplicity and reliability. ,---- L.
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The possibfity of pho@raph@ ordinary dhd indicating instrument at frequents intervals
with a magazine or motion-picture camera also presents itself. This offers the advantage of
obtaining permanent simultaneous records of a huge number of instruments which wouId be
useful both in performance tests of airplanes and on investigating instruments themsel~es.

DUMMY OBSEEVEE

The last-mentioned method has been appfied in Lhe development of an automatic photo-
graphic apparatus lmown as a dummy observer, to be instaIIed in an airpIane for aiqiane
performance tests. Records of the speed of the engine, air speed, altitude, temperature, pressure
gage readings, and time were. desired. Moat of the instruments ordimdy employed for the
measurement of these factors involve such sma.11forcas as to make the use of relays or amplifiers
to operate recording mechanisms neoe.ssary if graphical records of the ordinary type are to
be obtained. The advantage of the.photographic method is that a simultaneous record of all
the instruments can be made at intervals, which may be varied at will according to the
conditions of -flight down to approximatdy 20 exposures per second. The exact time of
successive exposures can be recorded on the negatives by inchding among the instruments
photographed a clock with hour, minute, and second hands.

The instanttmeous behavior of the airphme mith respect to each of the factors under inves-
tigation can thus be had as a permanent record at inkrvds of a fraction of a eeoond throughout
the ~Vht and the histary of the flight afterwards studied by raaggying the negatives and
tabulating and plotting at ltie the readings of the various instruments. The advantages
of this method are the absolute coordination in time of W the records; the possibility of con-
trolling the time interval between the records and of deteoting sudden changes and studying
such chang= in greater detaiI by making rapid records while these changes are taking place.

The apparatus as it was bdIy worked out consisted of a ?dark I gun camera mounted at
one end of a box approximately 14 inches square ~d 18 inches Iong. At the other end of the
box were mounted the instruments ta be photographed. The instruments were illuminated
by a series of electric lamps inside the box, and the camera mechanism was mod&d to operate
automatically at rates varying from 2 to 10 exposures per minute by the use of a centrifuged
governor. Unperforated motion-picture film was used. TO prevent excessive heating the
lamps were automatically illuminated at the moment when the exposure was made. The
instruments used were of the ordinary chd type, but it was found necessq to use white dials
with black graduations for greater contrast. To avoid troublesome reflections the cover glasses
were removed on all the instruments, except the air-speed indicator, where the glass dial is
necessary to maintain the air pres9uri3in the case. Care was taken to irrange the instruments
to occupy as small an area as possible. & improved model of the dummy observer is being
developed by the Engineering Division of the Air Service.

.
CONCLUSION.

One of the most important of the outstanding probkms in the field of aeronautic instru-
ments at present rektes to the development of navigating instruments for use ip long-distance
flights and for fl~~at night and hmding in fog. These include not only development of optical
instruments used .in connection with astronomical position kding but also improvements
in altimeter, compass, and turn indicator construction. There is SISOre~on to bdieve that
commercial flying rhay soon be undertaken at very high aItitudes to take advent age of favor-
able winds of high velocity. In this connection the import ante of oxygen instruments vcdl
unquestionably he emphasized. The extensive use of large aircraft, particular~y of lighter-
tbm-air craft, requires the development of satisfactory distant reading instruments of vrmious
types. The proposed methods applicable to distant reading compasses, air-speed indicators,
tachometers, and thermometers, previoudy discussed in this paper, are sti h a pn~au

state and have not been used extensively in practice. c
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The development of greater precision in all of the aeronautic instruments should bo
attained. While errors of from 1 ta 5 per cent which &e now common in instruments as actu-
ally installed in the airplane are not fatal under ordinary circumstances, such errora are much
greater than could be desired. In oertain instrument, particularly those used in navigation
and in landing, errors of this magnitude constitute a_serioua if not fatal defect. Moreover,
under certain special conditions, for instance, in aircraft performmica tests, it is essential that
the instruments have the greateat accuracy obtainable.
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